INTRODUCTION
============

Colorectal cancer is the second most common form of malignant tumor for men and the third among women in Korea. Its incidence has recently been showing an increasing trend due to changes in dietary habit and lifestyle \[[@B1]\]. Various factors have been identified as being among the most commonly known prognostic factors of colorectal cancer, including from Duke\'s stages and the tumornode-metastasis (TNM) staging of the American Joint of Committee on Cancer (AJCC). Moreover, in recent studies on molecular biology, new factors have been raised as other prognostic factors for colorectal cancer.

Adjacent blood vessels are essential for all cells composing the human body, providing oxygen and nutrients and eliminating metabolic wastes. Therefore, a network of micro-blood vessels is spread all over the body, reaching about a total of 100,000 km in length and maintaining the normal functions of cells and metabolic activities. Such blood vessels are formed by a *de novo* mechanism through the division and differentiation of angioblasts, or they are formed through angiogenesis, with theformation of new peripheral blood vessels from existing blood vessels \[[@B2]\].

Oxygen and nutrition supply through angiogenesis is critical to tumor growth, and it is known to be a prerequisite for tumor metastasis. Vascular endothelial growth factor (VEGF) is recognized as an important factor in relation to angiogenesis and regulates the function of the endothelium in terms of the proliferation and the migration of blood endothelial cells, the formation of tubular structures, and an increase in the vascular permeability. Many studies have examined the relationship of VEGF expression with the determining factors of prognosis and with the degree of direct angiogenesis in different tumors. According to many studies, the expression rate of VEGF has been identified to be associated with histological differentiation, a high density of micro-blood vessels, lymphatic metastasis, clinical stages, recurrence and survival rates, and others \[[@B3]-[@B5]\]. In addition to VEGF, VEGF-B, C, D, E, placenta growth factors (PlGFs), etc. have been recently clarified as other member of the VEGF family that are similar to VEGF in exhibiting diverse degrees of direct angiogenesis \[[@B6]\].

PlGF is a dimeric glycoprotein regulating the activities of VEGF by combining with the VEGF receptor type 1 and associating with VEGF structurally and functionally \[[@B7]\]. The PlGF level in blood plasma and the PlGF expression in tumors are reported to be profoundly related to the progress of the disease and to the survival of patients with various forms of tumors, including gastric cancer, breast cancer, and pulmonary cancer \[[@B8]-[@B10]\]. In this study, the authors aimed to examine the presence of PlGF expression in colorectal cancer tissues and to identify the relationship of that expression with different clinicopathological factors and with the prognosis for patients with colorectal cancer.

METHODS
=======

Study subjects
--------------

Study subjects comprised patients who were diagnosed with colorectal cancer and underwent a resection for primary colorectal cancer at Soonchunhyang University Cheonan Hospital from January 2002 to July 2003. The study included resected tissue samples as paraffin-embedded blocks that were sufficient in amount and stored under favorable conditions. A total of 83 subjects were included: 46 males and 37 females with a mean age of 65.4 years old. According to the TNM staging system of the AJCC, 8 cases involved stage I cancer (10.8%), 27 cases stage II cancer (36.5%), 38 cases stage III cancer (40.5%), and 10 cases stage IV cancer (12.2%). The subjects were compared by dividing them into lymphatic metastasis and nonlymphatic metastasis groups.

Immunohistochemical staining
----------------------------

Formalin-fixed and paraffin-embedded blocks were cut into a 4-µm-thick pieces and placed on snowcoat X-tra slides (Surgipath, Richmond, IL, USA). Subsequently, the slides were put into an oven at 60℃ for 15 minutes, and paraffin was eliminated by repeated treatment with xylene for four times in two minutes at room temperature. Xylene was completely removed by treating the slides with 100% alcohol three times for 10 seconds. Each slide was treated with alcohol twice each in 95%, 80%, and 70% alcohol solutions, in that order, and was hydrated in distilled water. Afterwards, the slides were put into a 0.01-M citric-acid buffer solution (pH 6.0) and treated in a microwave oven for 20 minutes to recover antigens. After the slides had been cooled, they were washed three times with phosphate-buffered saline for five minutes. The following procedures were carried out with the Bond-X Autostainer (Leica Biosystems Pty Ltd., Mount Waverley, Australia), and the primary antigen was used by diluting in a ratio of 1:80. After staining, all slides were washed in distilled water and then treated in 95% and 100% alcohol solutions, respectively, twice for one minute each time. Subsequently, they were treated with xylene three times for one minute each, followed by a transparent procedure three times for one minute each and were then sealed with non-aqueous inclusion bodies. Finally, the slides were examined using an optical microscope.

The slides were interpreted by two pathologists. PlGF was judged to be positive when a nucleus was stained. The positive levels were classified from strong (4 points) to weak (1 point) depending on the degree of staining intensity. Among these, cases with no or weak (1 point) staining were categorized as the negative group, and the rest of the cases stained at higher intensity were judged as the positive group ([Fig. 1](#F1){ref-type="fig"}).

Statistical analysis
--------------------

Statistical analyses were performed using the SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA), and the correlations between PlGF and the clinicopathological variables were examined using a chi-square test. P-values of less than 0.05 were defined as statistically significant. Differences in survival rate were analyzed using a Kaplan-Meier analysis, and the significance was evaluated with the log-rank test. Variables with P \< 0.05 from univariate analyses were chosen as the variables for the multivariate analyses.

RESULTS
=======

Relationship between PlGF expression and clinicopathologic variables
--------------------------------------------------------------------

Among the total of 83 colorectal cancer patients, PlGF was highly expressed in 21 (45.7%) of the 46 males and in 23 (62.2%) of the 37 females. However, there were no significant differences in terms of sex (P = 0.134) and age (P = 0.843). According to the TNM classification, PlGF expression levels were high in one (33.3%) among 3 T1 patients, one (12.5%) among 8 T2 patients, 40 (58.8%) among 68 T3 patients, and 2 (50%) among 4 T4 patients. However, no differences were detected based on the TNM staging system (P = 0.083) ([Table 1](#T1){ref-type="table"}). Among the entire TNM classification, no case of PlGF expression was found in stage I (0%) patients. PlGF was expressed in 3 (11.1%) among 27 stage II patients, 31 (81.6%) among 38 stage III patients, and all 10 of the stage IV patients. Our results indicated that PlGF was more powerfully expressed as T stages advanced (P = 0.005) ([Table 2](#T2){ref-type="table"}).

According to the presence of lymph node metastasis, PlGF level was highly expressed in 3 (8.6%) among the 32 patients without lymphatic metastasis. In contrast, PlGF level was highly expressed in 24 (92.3%) among the 26 patients with N2 lymph node metastasis, exhibiting a stronger expression of PlGF as lymphatic metastasis advanced (P = 0.003) ([Table 1](#T1){ref-type="table"}).

Our study was able to verify that PlGF was more expressed in patients with distant metastasis (P = 0.03). Moreover, PlGF expression in colorectal cancer tissues exhibited statistical correlations with the presence of vascular invasion in colorectal cancer tissues and lymphatic invasion. In addition, a significant correlation was shown with microvessel density ([Table 3](#T3){ref-type="table"}).

Survival analysis based on PlGF expression
------------------------------------------

The survivals of 83 subjects were observed from the shortest follow-up period of 5 months to the longest follow-up period of 107 months. The median survival time was 81 months in the PlGF-expressed group. On the other hand, the median survival time was 59 months in non-PlGF-expressed group. The survival rate was significantly higher (P = 0.021) in the PlGF-expressed group than in the non-PlGF-expressed group according to the Kaplan-Meier survival curve, and PlGF expression levels exhibited significant differences with TNM staging, the presence of lymphatic metastasis, and survival rate. The presence of lymphatic metastasis and the TNM staging showed statistical significance in the multivariate analyses, and differences were found in the survival of patients depending on the presence of PlGF expression (P = 0.04) ([Fig. 2](#F2){ref-type="fig"}).

DISCUSSION
==========

Angiogenesis is one of the critical processes in tumor growth and metastasis \[[@B2], [@B11]-[@B13]\]. PlGF has recently drawn attention as the main molecule involved in angiogenesis under various pathologic conditions including cancer \[[@B7]\]. PlGF is originally cloned from a human placental cDNA library and is 46% identical in amino acid composition to that of VEGF. A low degree of PlGF mRNA is occasionally detected in thyroid glands or lung tissues. The alternative exon splicing of the PlGF gene generates PlGF-1 (PlGF129) and PlGF-2 (PlGF152). PlGF homodimers are composed of PlGF subunits while heterodimers are composed of both VEGF165 and PlGF subunits. PlGF is a selective ligand for VEGFR-1. An interesting fact is that PlGF/VEGF165 heterodimers bind with high affinity to a soluble VEGFR-2. Purified PlGF-1 promotes blood vessel formation according to rabbit cornea assessments or chick chorioallantoic membrane assessments, and the process is induced mainly through promoted movement instead of proliferation in the endothelium \[[@B13]\].

This study examined PlGF expression in colorectal carcinomas by means of immunohistochemical staining. As a result, in cases of colorectal carcinomas, PlGF was more highly expressed in patients with lymph-node metastasis than in those without metastasis. Statistically significant differences were present depending on the stage. Furthermore, PlGF expression in colorectal carcinomas was found to be related to the prognosis, including survival rate, for patients.

Different hypotheses have been proposed regarding the mechanisms through which PlGF promotes angiogenesis. One hypothesis suggests that angiogenesis is promoted by more VEGF combining with VEGFR-2 through the combination of VEGFR-1, another receptor of VEGF, and by more PlGF allowing VEGFR-2 to efficiently bind to VEGF, generally known as the most powerful factor in angiogenesis \[[@B7]\]. Because PlGF solely has its own signal transmission path independent of the signal transmission path of VEGF expression, it is involved in cell death or proliferation and the formation of new blood vessels by binding to VEGFR-1 \[[@B14]\]. Moreover, the loss of PlGF activity impairs angiogenesis under pathological conditions such as ischemia, inflammation, tumors, and others \[[@B7]\]. These results suggest that PlGF may be a molecule regulating an angiogenic switch under pathological conditions. These data aligned with our results that PlGF expression levels were significantly higher in tumor tissues than in nontumor tissues depending on lymphatic metastasis and colon cancer stage. Many previous studies have demonstrated that VEGF and PlGF expressions correlate with tumor growth and angiogenesis \[[@B15]-[@B17]\].

Although our study carried out research on PlGF expression and colorectal cancer advancement, several studies have also verified that VEGF is associated with colorectal cancer advancement and angiogenesis. The findings support the theory suggesting that PlGF has a complementary relation with VEGF function in angiogenesis \[[@B7]\].

Although VEGF receptors, as they are known, stimulate angiogenesis, new blood vessels formed through this process are fragile, leaky, and prone to regression. PlGF promotes vessel maturation and stabilization by being involved in the formation of such new vessels \[[@B18]\]. Therefore, elevated PlGF and VEGF levels contribute in maintaining mature nonleaky vessels during angiogenesis in tumor tissues. PlGF expression could be regulated by oxygen tension and cytokines \[[@B19]\]. However, the mechanism of increased PlGF expression in colorectal cancer remains unknown. Elevated expression of VEGF in colorectal cancer patients was already identified by many previous studies. VEGF expression and patient survival are generally known not to be correlated \[[@B20]-[@B23]\]. Our studies also showed that PlGF expression, unlike VEGF expression, levels not only were increased in tumor tissues of colorectal cancer but also were correlated with cancer stage and the prognosis for patients with colorectal cancer. This implies that PlGF may have an independent role in colorectal cancer besides its supplementary role in VEGF function in angiogenesis. Thus, PlGF may be useful as a prognostic indicator in terms of clinical implications.

Based on recent studies, bevacizumab, a VEGF specific antibody, has been utilized for treating colorectal cancer patients, studies and many reports have suggested that the medication has promoted survival in patients with advanced colorectal cancer \[[@B24]\]. However, VEGF and VEGFR-2 are not only involved in pathological angiogenesis but also in normal vessel growth and maintenance. Many studies have also suggested that other signal transmission paths may exist in addition to identified paths \[[@B25]\]. Moreover, VEGF influences motor neuron survival, lung maturation, liver regeneration, blood pressure regulation, and glomerular development \[[@B26], [@B27]\]. This indicates that long-term inhibition of VEGF may also affect these processes \[[@B28]\]. Compared to VEGF, PlGF affects blood vessel formation only under pathological, but not physiological, conditions \[[@B7]\]. Therefore, as shown in the above results of our study, PlGF may be a therapeutic target for inhibiting angiogenesis in colorectal cancer with the over-expression of PlGF being an alternative method to overcome various limitations of VEGF.

In conclusion, we were able to demonstrate that PlGF expression levels involved in angiogenesis were mainly observed in tumor tissues rather than in normal tissues in patients with colorectal cancer. Moreover, PlGF was expressed more in advanced colorectal cancer than in early colorectal cancer, indicating that PlGF expression plays a definite role in colorectal cancer. The study was able to verify that PlGF expression correlates with disease progression, which suggests its potential use as a therapeutic target, in addition to VEGF, for inhibiting angiogenesis in colorectal cancer. Our study had some limitations. Our results were limited to a small sample size, and a definite effect of PlGF is still unclear in the process of colorectal cancer incidence. Thus, further studies are thought to be crucial in overcoming these limitations by clarifying definite mechanisms related to PlGF from the aspects of molecular biology.

No potential conflict of interest relevant to this article was reported.

![Expression of placenta growth factor (PlGF) in colorectal cancer cells. (A) Immunohistochemical stain of PlGF in the normal colonic mucosa (×40). (B) Immunohistochemical stain with antibody for PlGF protein shows a mild (×400) nuclear expression at tumor cells. (C) Strong nuclear immunoreactivity in colorectal cancer cells (immunohistochemical stain with antibody for PlGF protein, ×400).](jksc-28-315-g001){#F1}
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